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1 .  Introduction 


Background 

The  purpose  of  this  study  is  to  explore  the  nature  of  the  spiral  banding 
of  Hurricane  David  immediately  before,  during  and  after  a  period  of 
intensification.  The  satellite  IR  data  of  Hurricane  David's  spiral  bands  are 
extracted  and  analyzed  by  the  Tactical  Environmental  Display  System  (TEDS) 
program  on  the  NAVENVPREDRSCHFAC  satellite  data  processing  computer  SPADS.  The 
details  of  the  TEDS  developed  by  Nicholson  in  1983  are  documented  by  Cook 
(1984)  and  are  not  repeated  here.  However,  it  suffices  to  state  that  the 
object  of  TEDS  is  to  sample  satellite  data  from  the  spiral  coordinates 
orthogonal  to  the  tropical  cyclone  spiral  bands.  TEDS  also  performs  Fourier 
analysis  over  the  satellite  data  along  each  of  the  10  spiral  bands  illustrated 
in  Fig.  1.  In  this  study,  the  satellite  IR  data  and  the  analyzed  Fourier 
components  are  considered  together  to  assess  the  behavior  of  hurricane  David's 
cloud  bands  over  his  intensification  period. 

Theoretical  Considerations 

There  are  three  significant  points  which  need  to  be  addressed  in  consideration 
of  the  banded  structure  of  tropical  and  extratropical  storms.  These  points 
are: 

1 )  Band  Length 

2)  Band  distribution  for  non-intensifying  but 
stable  cyclones 

3)  Band  distribution  for  intensifying  storms. 
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Figure  1.  The  dots  represent  a  typical  spiral  analysis  grid  used  in  this 
study.  Each  dot  represents  a  datum  sampling  point.  The  grid  consists  of  ten 
diverse  spiral  rows  of  data  points  which  have  a  common  center  (not  shown)  and 
are  orthogonal  to  the  cloud  bands.  Each  spiral  has  the  same  inflow  angle  and 
is  separated  from  its  neighbors  by  18  • 
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The  first  of  these,  band  length,  is  a  measure  of  band  extent  as  a  function  of 
wave  number  compatible  with  the  specification  that  the  underlying  divergence 
field  satisfies  Laplace's  equation  (Nicholson  1983).  The  wave  number  of  the 
band  is  such  that,  if  all  of  the  bands  were  to  start  at  the  center  of  the  storm 
with  a  given  amplitude,  A,  then  the  lateral  extent,  or  length  of  the  bands 
themselves,  would  be  given  by  exp(A/n)  where  n  is  the  wave  number.  The  higher 
the  wave  number,  the  shorter  the  band.  Band  No.  1  may  have  an  extent  of  two 
thousand  miles,  (Fig.  1  and  2),  whereas  band  No.  2  barely  reaches  fifty.  Thus 
the  extent  decreases  until  band  eight  barely  reaches  three  miles  long.  All 
other  things  being  equal,  the  hurricane  should  be  highly  asymmetric  with  one 
spiral  band  extending  much  further  out  than  all  the  others,  and  small  bands  of 
high  frequency  confined  to  the  innermost  storm,  both  of  which  phenomena  are 
regularly  observed. 

The  second  consideration  is  the  role  of  the  pressure  asymmetries  accompanying 
the  bands.  In  axially  symmetric  vortices  there  can  be  no  pressure  torque  which 
azimuthally  averages  to  a  non  zero  value.  This  is  not  the  case  with  spiral 
asymmetric  pressure  fields.  The  azimuthal  average  is  ncn  zero  so  that  the 
pressure  torque  plays  a  vital  role  in  concentrating  the  vortex  energetics  by 
allowing  high  winds  to  penetrate  towards  the  center  of  the  vortex.  Instead  of 
angular  momentum  being  reduced  by  diminishing  the  winds,  the  winds  may  actually 
increase,  but  through  the  pressure  torque  it  is  the  radius  of  the  winds  which 
decreases.  The  distribution  of  energetics  of  the  vortex  is  such  that  the 
greatest  energy  is  produced  near  the  center  of  the  vortex.  The  presence  of 
spiral  bands  seems  to  be  the  sine  qua  non  for  the  intensification  of  vortices 
all  the  way  from  waterspouts  to  tornadoes  and  hurricanes.  Well  defined  bands 
and  the  extent  of  their  winding  are  documented  by  Fett  (1973)  in  extratropical 
storms  of  unusual  intensity. 
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Fig.  2:  Example  of  the  extent  of  Band  No.  1  in  an  extra- tropical  cyclone. 


In  order  for  the  spiral  pressure  asymmetries  to  satisfy  the  condition  that  the 
torque  be  independent  of  radius,  we  shall  see  that  the  peak  of  the  spiral 
spectrum  must  be  given  by  the  cosecant  of  the  inflow  angle  of  the  spiral  bands 
into  the  center  of  the  storm.  This  is  difficult  to  measure  with  great 
accuracy,  partly  because  the  individual  bands  do  not  share  the  same  center 
either  with  bands  of  different  wave  number  or  with  the  center  of  the  symmetric 
vortex,  and  partly  because  the  bands  do  not  share  the  same  extent.  Thus  bands 
of  wave  number  eight  appear  only  near  the  center  of  the  storm,  whereas  band  two 
lies  predominantly  in  the  periphery  before  being  masked  in  the  interior  by 
higher  frequency  bands,  and  band  one  may  extend  up  to  a  thousand  miles  beyond 
the  rest  of  the  storm  proper.  Since  the  inflow  angle  typically  varies  between 
20  and  45  degrees,  the  spectral  peak  usually  occurs  between  wave  number  one  and 
a  half  and  two.  That  is  to  say,  that  most  of  the  spectral  energy  falls  into 
wave  one,  about  half  as  much  into  two  and  the  rest  is  accounted  for  by  cumulus 
and  pixel  noise. 

The  third  consideration  is  that  a  bimodal  distribution  occurs  in  hurricane 
David  manifest  by  a  strong  peak  centered  about  wave  numbers  7-8  as  well  as  the 
initial  waves,  1  and  2.  This  implies  a  regional,  if  not  a  local  torque  in  the 
interior  which  may  indicate  the  evolution  of  the  vortex  from  the  complex  two 
part  vortex  to  the  mature,  three  part  vortex,  complete  with  eye  and  always 
characterized  by  marked  spiral  banding.  The  vortex  subsequently  settles  into 
the  mature  mode,  which,  with  the  spiral  asymmetries  described  above, 
constitutes  the  composite  vortex  described  by  Nicholson  (1983).  We  will  now 

consider  the  three  points  presented  above  in  greater  detail. 
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2.  Methodology  -  Analytical  Analysis 
Spiral  Band 

In  order  to  determine  the  extent  of  the  spiral  bands  it  is  important  to 
understand  the  rationale  for  the  existence  of  spiral  bands.  It  is  postulated 
(Nicholson,  1983)  the  divergence  field  is  governed  by 

V 1 6  =  0,  00 • 

where  6  is  the  two  dimensional  horizontal  divergence.  The  infinity  sign  means 
that  the  Laplacian,  the  average  value  of  a  point  with  its  neighbors,  is 
undefined.  At  a  boundary,  the  point  lacks  neighbors  and  therefore  is 
undefined.  Any  finite  field  must  have  boundaries.  Laplace's  equation  is  a 
second  order,  linear,  homogeneous  partial  differential  equation  with  solutions 
entirely  determined  by  boundary  conditions.  Since,  by  definition,  boundaries 
are  implied,  the  infinity  sign  is  virtually  tautological  for  a  finite 
phenomenon  satisfying  Laplace's  equation. 


In  cylindrical  coordinates  Laplace's  equation  is  given  by 


1  _ 

r2  ^3  £n  r2 


6  =  0 


and  solutions  to  Laplace's  equation  are  either  linear  in  Jin  r  or  0  or  an 

exponential  of  any  complex  combination  of  the  two.  Thus,  exp(n(  0  +  i  Hn  r)eia) 

i  ol 

is  a  solution  where  n  is  a  wave  number  and  e  is  a  versor.  The  versor 
rotates  the  semilog  coordinates  0  +  i£nr  through  the  angle,  a,  to  produce  new 
log  spiral  coordinates.  Thus  the  solution  is  given  by 
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00  ... 
r  ,  ,  n  S.  +  l S  ) 
=  I  y(n)  e  9  r 
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where  S  +  is  =  (  0  +  i£n  r  )eiot  and  Sfl  and  iSr  are  the  orthogonal  spiral 
0  r  or 

coordinates.  By  Euler’s  equation 

n(S„  +is)  nSfl  ,  _  ,  .  .  _  x 

e  0  r  =  e  0  (cos  n  S  r+  l  sm  n  S  )  • 

The  real  part  is  given  by 

y  (n)eIlS0  cos  n  S 

r 

To  determine  the  amplitude,  y(n),  Fourier  analysis  requires  samples  to  be  taken 

at  equal,  regular  intervals  of  ASr  up  to  2N  where  N  is  the  highest  frequency. 

This  being  the  case,  the  actual  spatial  samplings  must  be  done  in  exponential 

intervals  of  e1  jSr  where  S  varies  between  0  and  2  it  sin  a. 

r 

5 

Typically,  a  sine  wave  in  the  divergence  field  is  stretched  along  e  r.  Fig.  3 
is  two  different  representations  of  the  same  phenomenon.  Figure  3.b  indicates 
the  spatial  bias  of  the  sine  wave.  This  difference  is  manifest  in  the  spectral 
distribution  of  the  individual  amplitudes.  There  is  a  strong  difference  in  the 
spectra  compiled  by  Fourier  analysis  based  on  exponential  versus  linear 
sampling.  Because  of  this  direction,  the  analysis  described  by  this  paper  is 
based  on  exponential  sampling  (Fig.  3.b).  A  peak  in  exponential  sampling  would 
be  substantially  smoothed  in  linear  sampling,  and  vice-versa.  The  distinction 
is  essential  in  order  to  determine  the  noise  to  signal  ratio,  an  important 
consideration  in  the  validity  of  a  series  solution  manifest  in  natural 
phenomena.  It  is  the  intent  of  the  study  to  match  the  analytical  solution 
(Laplace's  solution  with  the  phenomenon  (hurricane  spiral  cloud  bands)) 
displayed  by  the  satellite  data. 
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Fig.  3  a)  Ordinary  sine  wave  as  a  function  of  the  exponent  of  the  real  space 

coordinate,  i.e.  S  .  The  undistorted  sine  wave  exhibits  symmetry  lacking  in 
r 

the  skewed  wave  in  the  graph  below,  b)  Distribution  of  values  of  sine  wave 
plotted  in  real  space,  e^ r,  though  a  function  of  Sr  .  Note  the  broadening  of 
the  wave  with  increase  in  values  of  Sr.The  first  half  of  the  wave  is  crowded 
into  the  first  third  of  the  wave  length,  the  second  half  is  spread  over  the 
remaining  two  thirds,  becoming  progressively  broader  with  higher  values. 
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The  length  of  a  given  band  is  determined  by  its  initial  amplitude  and  its  wave 

number.  In  Fig.  4  waves  one  through  four  are  plotted  with  the  ordinate 

representing  the  logarithm  of  the  divergence  field  and  the  abscissa  the 

— nS 

azimuthal  extent  occupied  by  the  band.  Since  6  =  y  o  (n)  e  v  cos  n  S 
and  Sv  =  vcsca,  then  £n  6  =  £nyo  (n)  -  n  v  esc  a  where  n  is  the  slope  of  the 
band.  The  greater  the  wave  number,  or  slope,  the  shorter  the  projection  on  v  . 
Assuming  all  of  the  bands  begin  with  the  same  initial  amplitude,  then  the 
semilog  projection  of  the  band  length  is  given  by  Yo  (n)/n  in  terms  of  v.  The 
actual  band  length,  however,  is  given  by  exp(  y  o  (n)/n).  Table  1  indicates  the 
bandlength  for  Yo  (n)  =  7.5  for  a  number  of  waves. 

TABLE  I 


Wave  Number 


Length 


1 

2 

3 

4 

5 

7 

8 


2321.6  (n.  mi) 
47.942 
13.197 
6.889 
4.711 
3.03 
2.63 


For  higher  wave  numbers  to  appear  means  a  significant  shift  in  the  patterns  of 
the  energetics.  The  initial  amplitude  of  the  higher  wave  numbers  must  be 
correspondingly  greater  to  show  up  in  the  IR. 


Azimuth ally  Averaged  Spiral  Pressure  Torque 

In  this  section  we  will  discuss  the  asymmetric,  azimuthally  averaged  spiral 
pressure  torque.  We  shall  see  that  the  azimuthally  averaged  spiral  pressure 
asymmetries  produces  a  negative  pressure  torque,  possibly  sufficient  to  reduce 
the  radii  of  inspiralling  air  to  small  values  yet  keeping  the  velocity  value  of 
the  inspiralling  air  at  high  levels.  Thus  both  the  energetics  and  the  angular 
momentum  budgets  are  accommodated.  In  the  section  following  there  will  be  a 
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Fig.  4.  Plot  of  logarithm  of  the  divergence  field  vs.  the  corresponding  spiral 
length.  The  azimuthal  displacement  of  the  spiral  band  in  directly 
proportional  to  the  logarithm  of  the  spiral  length.  Therefore  a  plot  of  the 
logarithm  of  the  divergence  field  strength  vs.  azimuth  also  indicates  the 
length  of  the  band  in  semi log  coordinates. 
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discussion  of  the  introduction  of  higher  wave  numbers  in  a  bimodal  spectral 
peak,  thereby  introducing  a  very  high  torque  in  the  central  part  of  the  storm, 
possibly  resulting  in  the  creation  of  a  new  regime,  the  core  of  the  mature 
vortex.  As  often  as  not,  the  eye  of  the  symmetric  storm  is  offset  from  the 
center  of  the  spiral  so  that  the  spiral  center  and  axially  symmetric  center  are 

not  coincident. 

From  the  observations,  we  find  that  rarely  does  the  spiral  center  coincide  with 
the  eye.  As  discussed  above,  this  is  to  prevent  negative  spiral  torques  from 
counteracting  the  positive  torque  of  the  eye.  This  torque  produces 
supergradient  winds  allowing  for  low  level  divergence  in  the  eye.  In  Fig.  5  it 
can  be  seen  that  the  axially  symmetric  frictional  torque  is  directly 
proportional  to  the  slope  of  the  vorticity  field;  the  frictional  torque  is  a 
positive  constant  in  the  eye,  strong  and  negative  constant  in  the  wall  cloud 
and  weak  and  negative  in  the  outer  regime. 

By  destroying  angular  momentum,  the  amount  of  work  needed  to  import  air  to  the 
center  of  the  storm  is  decreased.  Both  spiral  frictional  and  pressure  torques 
counteract  eye  torque  and  probably  sustain  and  enhance  wall  cloud  torque. 
Offset  spiral  and  axial  centers  prevent  counteraction  of  eye  torque. 

A  partial  representation  of  the  angular  momentum  equation  is  given  below: 

r  x  =  ...  r  x  -otVp ,  (1) 

t  3t 

where  r  is  the  radial  arm,  V,  the  velocity  vector  and  -aVp  the  pressure 
gradient  force.  Assuming,  as  a  first  approximation  that  o.  ,  the  specific 
volume  of  air,  is  constant,  the  vertical  component  of  (1)  may  be  rewritten  as 
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Radius-*- 


Fig.  5.  Piecewise,  continuous  distribution  of  vorticity  stowing  core,  inner 
and  outer  regimes.  Since  vorticity  is  linear  in  the  logarithm  of  the  radius, 
it  satisfies  Laplace's  equation.  Sine  F  =  3?  /  3  r  and  rF  =  3^/3  &n  r,  then  the 
slope  of  the  vorticity  is  proportional  to  the  frictional  torque. 
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9g  =  r  x 

at  ••  ~ 


a3p 
r3  0 

where  g 


is 


the 


angular  momentum. 


Integration  over  2 


radians  obtains 

2n  2 

f  3g/3t  r  d9  =  -arp | Q 

0 


But  p  =  Pq 


So  p 


2tt 

0 


n(S0  +  iSr)  =  n  n(9  cos  a 

6  IT  C 

0  +  i( 

PQexp(n(2Tr  cos  a  -  An  r  sin  a 
-  pQexp(-n  (  An  r  sin  a  +  i 


-  An  r  sin  a 
An  r  cos  a  -  9  sin 
+  i  ( An  r  cos  a  - 
An  r  cos  a) ) . 


a)  ) 

2tt  sin  a  )  ) 


Taking  the  real  part  Re{3g/3t}  we  obtain 


/ 


2tt 


0 


3g/3t  r  d9 


or 


n(2TT  cos  a  -  An  r  sin  a  ) 
-  arp„e  „ 

0  .  -n  An  r  sin  a 

+  arp^e 

-n  sina,.  n  2u  cos  a  , 
arpQr  (1-e  ) 


(2) 


1-n  sin  a  , n2n  cos  ax  , 

=  otpQr  (1-e  )  .  ( 

For  the  pressure  torque  to  be  independent  of  radius  then 

(3)  reduces  to  ap^  ( l-e^7100^  a  )  when  n  =  esc  a  . 


Thus,  in  conformity  with  the  general  principal  that  the  torque  be  independent  . 
of  radius,  as  stated  in  Nicholson  (1983)  the  spectral  maximum  must  be 
determined  by  the  cosecant  of  the  inflow  angle  of  the  spiral  bands.  Since  this 
angle  is  ordinarily  between  20  and  45  degrees,  then  the  spectral  maximum  must 
fall  between  one  and  three.  Thus  the  predominant  wave  number  in  the  steady 
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state  tropical  storm  lies  between  one  and  three.  The  cosecant  of  20  degrees  is 
slightly  less  than  three,  and  the  cosecant  of  45  degrees  is  approximately  1.3. 

When  the  torque  due  to  the  spiral  asymmetries  is  not  independent  of  radius, 
then  (3)  tells  us  that  for  low  values  of  n  the  amplitude  is  small  but  the 
extent  of  influence  is  large.  Higher  n's  have  greater  amplitudes  but  smaller 
areas  of  influence.  Pressure  torque  destroys  angular  momentum.  A  shift  in  the 
spectrum  to  8  provides  considerable  torque  in  the  region  of  the  wall  cloud. 

3.  Case  Study  of  Intensification  of  David 

Before  a  detailed  analysis  of  the  spectral  distribution  of  hurricane  David  is 
presented  it  would  be  worthwhile  to  assess  the  three  kinds  of  signal  obtained 
by  the  spiral  analysis  technique.  The  reader  will  notice  that  the  points  of 
sampling  (Fig.  l.a)  are  closer  together  in  the  upper  portion  of  the  figure,  and 
more  separated  in  the  lower  part  of  the  picture.  This  is  consistent  with  the 
samplings  being  taken  at  exponential  intervals  along  the  orthogonal  dotted 
spirals.  By  this  means  a  Fourier  analysis  of  the  spiral  spectra  may  be  made, 
in  spiral  coordinates. 

Figure  6  shows  an  example  of  the  first  type  of  non-spiral  noise  in  the 
satellite  representation,  that  due  to  the  graininess  of  individual  cumulus 
elements.  This  signal  appears  as  high  frequency  noise  in  the  original  analysis 
with  peaks  toward  the  upper  end  of  the  range.  This  sort  of  signal  is  amenable 
to  filtering  and  may  be  omitted  in  a  reconstruction  of  the  spiral  signal,  a 
mathematical  reconstruction  of  the  banding  of  the  storm.  Another  kind  of 
signal  appears  in  Fig.  7  and  8.  Fig.  7  is  a  close  up  of  the  center  of 
David.  This  close  up  shows  the  boxiness  of  the  pixels.  Near  the  center  of  the 
storm  the  pixels  are  sampled  so  close  together  that  some  of  the  elements  are 
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Fig.  6  Noise  due  to  graininess  of  individual  cumulus  elements. 
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Fig.  7 


Noise  due  to  pixel  boxiness.  Twice  magnification  of  the  2  n  mi  IR 
resulotion  satellite  picture  on  Hurricane  David. 
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Fig.  8  Similar  to  Fig.  7,  except  for  eight  times  magnification. 
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sampled  more  than  once.  This  introduces  an  element  of  noise  into  the  ultimate 
Fourier  analysis.  This  element  is  an  attempt  by  the  Fourier  analysis  to 
account  for  the  boxiness  of  the  pixels.  Fig.  8  is  an  eight  times 
magnification  of  David  representation. 

Thus,  it  can  be  seen  that  it  is  important  to  separate  out  signals  from  non¬ 
banding  sources,  such  as  cumulus  elements  and  pixel  boxiness  from  actual 
banding  spectral  characteristics. 

Fig.  9-18  (Appendix)  are  histograms  representing  the  spiral  spectra  of  the 
illustrations  in  Fig.  19  -  28  (Appendix).  Fig.  9  matches  Fig.  19,  The  former 
is  the  histogram  of  the  spiral  analysis  given  at  14Z  24  Aug  79  (Julian  date 
238.14),  when  the  storm  intensification  was  at  its  lowest  in  this  series,  38.49 
kt.  Table  II  gives  the  day-time  and  intensities  of  the  eleven  cases  studied. 

Table  II 


Day-Time 

Intensity  (kt) 

Ratio 

Csc 

238.14 

38.49 

2  (6) 

1.6 

.22 

47.03 

3  (10) 

2.03 

239.06 

57.83 

- 

1.45 

.14 

71.15 

3  (8-10) 

1.48 

.22 

91.72 

1.5  (8) 

1.43 

240.06 

114.91 

4  (12) 

1.65 

.14 

128.98 

- 

1.55 

.22 

125.43 

- 

2.67 

241.22 

122.50 

- 

1.63 

242.22 

130.31 

— 

1.86 

All  of  the  time  intervals  are  of  eight  hour  durations  with  the  exception  of  the 
last  two  times  in  the  table.  The  ratio  is  the  value  of  the  primary  peak 
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divided  by  the  value  of  the  secondary  peak  where  there  is  a  bimodal 
distribution  in  the  spectral  analysis.  With  the  exception  of  239.06,  where  a 
bimodal  distribution  did  not  appear,  the  entire  period  of  intensification  was 
characterized  by  a  strong  secondary  peak  in  the  vicinity  of  wave  numbers  8-10. 

The  figures  in  parentheses  indicate  the  wave  number  of  the  secondary  peak.  The 
general  trend  is  for  the  secondary  peak  to  migrate  from  6  outward  toward  12  as 
the  storm  intensifies.  The  period  of  maximum  intensification  occurs  between 
239.14  and  240.06,  during  which  time  the  storm  doubles  in  strength  from  71.15 
to  114.91.  Figure  24,  239.22,  with  an  intensity  of  91.72  and  a  ratio  of  4 
shows  both  strong  values  in  waves  numbered  one  and  two,  evident  in  the 
illustration  (Fig  24)  and  also  in  wave  number  8. 

During  this  period  of  intensification,  the  inflow  cosecant  hovered  around  1.45. 
From  earlier  analysis  the  cosecant  of  the  inflow  angle  should  give  a  rough 
indication  of  where  the  maximum  in  the  spiral  spectrum  should  occur.  The 
presence  of  a  secondary  peak  indicates  a  strong  local  pressure  torque  due  to 
the  asymmetries.  This  pressure  torque  is  not  independent  of  radius,  causing 
strong  interior  torques  in  the  storm,  possibly  preparatory  to  the  creation  of  a 
core  regime,  complete  with  eye. 

The  eye  exists  throughout  the  whole  series,  so  that  in  this  case  there  is 
possibly  only  intensification  and  concentration  of  the  storm  rather  than  a 
specific  regime  change. 


The  storm  levels  out  on  240.14  at  128.98.  The  secondary  peak  disappears  at 
this  time,  and  the  storm  becomes  virtually  steady-state. 
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4. 


Conclusions 


From  Table  II  it  is  evident  that  intensifying  hurricanes  may  be  identified  with 
a  secondary  maximum  in  their  spiral  spectrum.  The  inflow  cosecant  becomes 
smallest  of  all  in  this  period,  about  1.45.  The  achievement  of  the  slowly 
varying  state  is  characterized  by  relaxation  of  the  the  inflow  cosecant  and  the 
jump  in  the  ratio  of  the  primary  to  secondary  peaks  in  the  spiral  spectrum. 

The  behavior  of  the  eye  and  the  placement  of  the  spiral  center  does  not  seem 
correlated  with  the  intensification  of  the  storm.  Theoretical  influence  of  the 
spiral  asymmetric  pressure  field  seems  correlated  with  the  storm's  behavior 
shown  both  in  the  spectral  analysis  and  observation  of  the  actual  bands 
appearing  in  the  satellite  representations. 

Prediction  of  hurricane  intensification  may  be  possible  by  observation  of 
spectral  bimodality.  Obviously  one  case  study  does  not  make  a  trend,  but  it 
would  be  worth  while  to  pursue  the  relevance  of  this  phenomenon  in  other 
storms.  Quite  possibly,  this  would  include  the  length  of  the  individual  bands, 
as  suggested  by  Nicholson  (1983),  but  which  is  not  actually  measured  in  this 
study . 
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Fig.  9  Histogram  of  spiral  band  amplitude  vs.  wave  number  for  Hurricane  David 
14Z  24  AUG  79  (Julian  date  238.14). 


23 


40 


Fig.  10  Histogram  of  spiral  band  amplitude  vs.  wave  number  for  Hurricane  David 
22Z  24  AUG  79  (Julian  date  238.22). 
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Fig. 11  Histogram  of  spiral  band  amplitude  vs.  wave  number  for  Hurricane  David 
06Z  25  AUG  79  (Julian  date  239.06). 
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Fig.  12  Histogram  of  spiral  band  amplitude  vs.  wave  number  for  Hurricane  David 
14Z  25  AUG  79  (Julian  date  239.14). 
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Fig.  13  Histogram  of  spiral  band  amplitude  vs.  wave  number  for  Hurricane  David 
22Z  25  AUG  79  (Julian  date  239.22). 
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Fig.  14  Histogram  of  spiral  band  amplitude  vs.  wave  number  for  Hurricane  David 
06Z  26  AUG  79  (Julian  date  240.06). 
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Fig.  15  Histogram  of  spiral  band  amplitude  vs.  wave  number  for  Hurricane  David 
14Z  26  AUG  79  (Julian  date  240.14). 
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Fig.  16  Histogram  of  spiral  band  amplitude  vs.  wave  number  for  Hurricane  David 
22Z  26  AUG  79  (Julian  date  240.22). 
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Fig.  17  Histogram  of  spiral  band  amplitude  vs.  wave  number  for  Hurricane  David 
22Z  27  AUG  79  (Julian  date  241.22). 
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Fig.  18  Histogram  of  spiral  band  amplitude  vs.  wave  number  for  Hurricane  David 
22Z  28  AUG  79  (Julian  date  242.22). 
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Fig .  19  Hurricane  David  14Z  24  AUG  79  (Julian  date  238 . 14 ) . 
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Fig.  20 


Hurricane  David  22Z  24  AUG  79 


(Julian  date  238.22). 
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Fig.  21  Hurricane  David  06Z  25  ADG  79  (Julian  date  239.06). 
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Fig.  22 


Hurricane  David  14Z  25  ALJG  79 


(Julian  date  239.14). 
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Fig.  23 


Hurricane  David  22Z  25  ALJG  79 


(Julian  date  239.22). 
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Fig.  24  Hurricane  David  06Z  26  £UG  79  (Julian  date  240.06). 
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Fig.  25 


Hurricane  David  14Z  26  AUG  79  (Julian  date  240.14). 
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Fig.  26  Hurricane  David  22Z  26  AUG  79  (Julian  date  240.22). 
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Fig.  27  Hurricane  David  22Z  27  AUG  79  (Julian  date  241.22). 


41 


Fig.  28  Hurricane  David  22Z  28  AUG  79  (Julian  date  242.22). 
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